The soybean variety Forrest contains an aberrant allele for the Gy3 glycinin gene. The aberrant allele is designated gY3 because mRNA for the G3 glycinin subunit is reduced to below detectable amounts in the seed. Molecular and genetic characterization of gY3 show it to be associated with a chromosomal rearrangement that causes the 5' halves and 3' halves of the gene to become separated from one another in the genome. An inversion is the simplest structural model that accounts for the genetic and molecular features of the chromosomal rearrangement involving gy~, although more complex models that involve reciprocal translocations are also consistent with the data.
INTRODUCTION
Mutations that affect seed proteins are common features of most crop species and have intrigued plant breeders and geneticists for many years. These mutations often confer unique properties upon the seeds and suggest approaches by which seed quality might be improved. For example, the genetic elimination of lipoxygenase-2 from soybeans results in a marked reduction in the beany taste that has long hampered acceptance of soy products for human consumption (Davies et al., 1987) . Likewise, highlysine phenotypes caused by certain mutations in barley (Hagberg et al., 1970; Ingversen and Koie, 1971) , maize (Mertz et al., 1964) and sorghum (Singh and Axtell, 1973) have been the focus of attempts by many breeders to improve the nutritional quality of cereals. Although efforts to introduce the high-lysine trait into high-yielding varieties have met with varying degrees of success because regulatory genes with pleiotropic effects are involved, their identification illustrates another important feature associated with the study of seed protein mutants. Properties of plant genomes that might otherwise be overlooked are often revealed by mutations.
A number of soybean seed protein mutants have been described. In some cases the mutations alter chemical properties of the proteins, in which case they are usually identified by changes in either their charge or size. For example, charge variants are produced by the Sp,", Sp, ~, and Sp, a" alleles of fl-amylase gene (Hildebrand and Hymowitz, 1980) , as well as by the Ti a, Ti b, and Ti C alleles of the Kunitz trypsin inhibitor gene (Orf and Hymowitz, 1979 ). The Cgyl s and Cgy7 alleles for ~-conglycinin cause subunits to be accumulated that are slightly larger than products from their allelic alternatives and also exhibit changes in mobility during electrophoresis (Davies, et al., 1985) . Although it has been determined that the alleles responsible for these particular mutant proteins segregate codominantly with their normal counterparts, the precise molecular events responsible for them remain unresolved. An identification of the site and nature of the mutation in these proteins may provide information about structural requirements for protein folding.
In contrast to the mutations that produce changes in size and charge mutations, other mutations cause proteins to be absent from the seed. Genes bearing such mutations segregate as recessive null alleles. Examples include the seed lectin gene (le, Pull et al., 1978) , Kunitz trypsin inhibitor gene (t/, Off and Hymowitz, 1979) , and urease gene (Polacco et al., 1982) , three null alleles for seed lipoxygenases (Ix,, Hildebrand and Hymowitz, 1982;  Ixe, Davies and Nielsen 1986 ; Ix~, Kitamura et al., 1983) as well as the d-subunit of/3-conglycinin (cgy~, Kitamura et al., 1984) and the G4 subunit of glycinin (gy,~, Kitamura et al., 1984) . In some cases the precise molecular changes that result in loss of the protein from the seeds have been determined. Differences between the le and gY4 alleles and their normal counterparts have been found. A segment of
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The Plant Cell foreign DNA transposed into the lectin locus appears involved in lack of accumulation of this protein (Goldberg et al., 1983; Vodkin et al., 1983) , whereas a point mutation in the initiator ATG codon seems responsible for loss of the gy4 gene product from the seed (Scallon et al., 1986) . The Kunitz trypsin inhibitor null allele (fi) is due to a frame shift mutation (Jofuku et al., 1989) , and the cgyl allele is due to a deletion at the 5'-end of the d-subunit gene for ~-conglycinin (Ladin et al., 1984) .
In the process of cloning and characterizing the five glycinin genes , a previously unreported null allele for the G3 glycinin subunit was discovered in the variety Forrest. In this paper we present data showing that a chromosomal rearrangement is associated with the aberrant allele which causes the two ends of the gene to become separated from one another. We suggest that this rearrangement is responsible for the lack of accumulation of G3 mRNA in the seed. Figure 1 shows a restriction map of clone ;~A28-16, which was purified from a library prepared using genomic DNA from the variety Forrest (Fischer and Goldberg, 1982) . When this clone was characterized, we discovered the DNA sequence encoded only the COOH-terminal half of glycinin subunit G3 (Tumer, 1982) . Subsequently, a second genomic clone that encoded the entire G3 subunit was purified from a genomic library prepared with DNA from the variety Dare, and it was designated XDA28-6 ( Figure  1 ). When the nucleotide sequence of the intact gene in XDA28-6 was compared with that of the aberrant one in XA28-16, a "junction" was identified where homology between the two genes ended abruptly as shown in Figure  2 . The restriction endonuclease map downstream from the junction in the Forrest DNA matched that in the Dare DNA, although there was no correspondence between the two maps upstream from that point. The aberrant gene in XA28-16 was not due to a cloning artifact because the noncoding region upstream from the junction was also present in genomic DNA from Forrest (Turner, 1982) . Because the gene in Forrest appeared truncated, it was designated gY3 to distinguish it from the active allele, Gys.
RESULTS

Isolation and Characterization of a Genomic Clone
Containing a 5' Part of gy~
We determined whether the 5' half of the truncated gene was also present in the Forrest genome. The 1.2-kb Hind III/EcoRI fragment from clone pG6H4.7 (Figure 1 ), which contained the 5' end of the normal allele, was used for this purpose. When genomic blots of EcoRI-digested Forrest DNA were probed with the 1.2-kb fragment, a 4. Hindlll fragment containing the 5' half of the truncated allele was introduced into the polylinker of pUC12 and designated pFG3H6. Also indicated are two fragments that were purified and used as probes; the 1.2-kb EcoR/Hindlll (RH 1.2), and 2.0-kb Bglll (Bglll 2.0) fragments. (C) Genomic clone ~A28-16 contains the 3' half of gY3 from Forrest. The wavy line in the restriction map indicates the border between the gY3 and the foreign DNA located upstream. The 1.1-kb EcoRI fragment that contained this border was inserted into the polylinker of pUC12. Also indicated is the 0.8-kb EcoRI/Ncol fragment that was purified and used as a probe.
DNA fragment hybridized with the probe (data not shown).
The size of the Forrest genomic fragment that hybridized was identical to the one that spanned the 5' end of Gy~ in the variety Dare (see XDA28-6, Figure 1A ). This result indicated that the 5' half of the gY3 had become separated from the 3' half of the gene in the variety Forrest.
To obtain genomic clones with the 5' portion of the gY3, a genomic library was constructed using leaf DNA that had been partially digested with Hindlll. This approach was chosen because Hindlll was known not to digest within 
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The Plant Cell the normal gene . The library was screened using as a probe the 1.2-kb EcoRI/Hindlll fragment from clone pG6H4.7 (RH 1.2 fragment, Figure 1) . A genomic clone (XFHG13) was isolated that contained the portion of gYa missing in ;kA28-16 (Figure 1 ). Restriction endonuclease analysis of ,kFHG13 showed that the restriction sites upstream from the junction in Forrest were identical with those in the gene from Dare, but the sites downstream from the junction were different. To further characterize the 5' half of gYa, a 5.7-kb Hindlll fragment from the XFHG13 phage was inserted into the polylinker of pUC12 and designated pFG3H6 (Figure 1 ). This fragment spanned the junction where the restriction map corresponded to Gya, and where maps for gya and Gya differed from one another. The DNA sequence across this junction in pFG3H6 was determined for both strands. Figure 2 shows that when this sequence was compared with that of the intact gene, homology ends abruptly at the position where it resumed in ~A28-16. The nucleotide sequence at the junctions gave no evidence for terminal repeats, as might be anticipated had a transposable element been introduced into the Gy3 locus. Figure 3 conceptualizes the restriction fragment length polymorphisms (RFLPs) used to analyze segregation. A mixed probe was used that contained equal portions of the 1.2-kb EcoRIJHindlll (RH 1.2 fragment, Figure 1 ) and the 2.25-kb Bglll (Bglll 2.25, Figure 1 ) fragments from pG6H4.7. The former fragment recognized the 5' half of the gene, and the latter the 3'-half. When Forrest leaf DNA was digested with Hindlll and analyzed by DNA gel blot hybridization, two fragments should hybridize with the mixed probe: one 5.7 kb in size and other 3.5 kb. These fragments correspond to the two ends of gy~. A similar experiment done with the Raiden leaf DNA should result in hybridization to a single 4.7-kb fragment that contains the intact gene.
Test for Linkage between the 5' and 3' Parts of gYa
An example of the genomic blots obtained is shown in Figure 4 . A total of 166 F2 seeds from crosses between Forrest and Raiden were used to determine whether an interchromosomal transposition had occurred. The leaf DNA was digested with Hindlll, and the genotype of each plant was determined by DNA gel blot hybridization as illustrated in Figure 3 , As shown in Figure 4 , only the 5.7-kb and 3.5-kb Forrest DNA fragments, and the 4.7-kb Raiden DNA fragment, hybridized with the mixed probe. Because no recombinants were observed among the 166 F2 plants tested, the results suggested that the two pieces of gYa were still tightly linked to each other in the Forrest genome, but that a fragment of foreign DNA had transposed into the Gy3 locus.
Test for Linkage between Gy3 Gene and the Junction DNA in Raiden
We used a similar strategy to determine whether the DNA that transposed into the Gy3 locus to produce gYa originated from the same chromosome, or one distinct from that containing the Gy3 locus. Figure 5 shows that the RFLP that genetically marked the 5' breakpoint in gYa used for this purpose. It was identified using a mixed probe in which one fragment would hybridize to the 5' part of Gys and the other to a DNA fragment downstream from the breakpoint in gY3. The 1.2-kb EcoRI/Hindlll fragment from pFG3H6 (Figure 1 ) was used to recognize the 5' end of the Gy3 and gy3 alleles, whereas the 2.0-kb Bglll fragment from the same clone (Figure 1 ) was used to identify the downstream DNA. Leaf DNA from 166 F 2 plants from Forrest x Raiden hybrids were digested with Hindlll and resolved by electrophoresis in agarose. DNA gel blots of the gels were hybridized at 55°C using the mixed probe described in the legend to Figure 6 . When the mixed probe described above was used to analyze the F 2 plants, no recombinant genotypes were observed. One interpretation of this result is that the DNA transposed into the Gy 3 locus from another tightly linked chromosomal locus.
Intrachromosomal Transposition or Inversion
Although the genetic segregation data eliminated nonreciprocal /nferchromosomal movements of DNA as a mechanism by which the aberrant gy 3 allele could have been formed, both inversion and nonreciprocal /nfrachromosomal transposition remained possibilities. The molecular consequences of these two events are outlined in Figure  7 . In the event a DNA fragment was involved in a nonreciprocal /nfrachromosomal transposition, three chromosomal breaks would occur ( Figure 7A ) and the broken fragment could be inserted into the glycinin gene in either orientation. By contrast, only two chromosome breaks would occur in an inversion, and the two ends of the gene would become oriented in an opposite polarity with respect to one another on the chomosome ( Figure 7B ). The important distinction between these two mechanisms is that the two ends that originate from chromosomal breakage at a point proximate to the gene would be contiguous to each other prior to an inversion, whereas this would not be true for nonreciprocal transposition of a DNA fragment.
The molecular consequence of these two simple chromosomal rearrangements can be distinguished from one another based on restriction maps. Because the polarity of regions on either side of the chromosomal breaks becomes inverted in an inversion ( Figure 7B ) the restriction map across the chromosomal break proximate to Gy 3 would be the sum of the maps downstream from the 5' part of the aberrant gy 3 allele and upstream from the 3' part. If, on the other hand, a nonreciprocal /'nfrachromosomal transposition resulted in the formation of gy 3 , prediction of the restriction patterns of DNA beyond the two breakpoints on either side of the transposed fragment would not be possible. Figure 8 shows the restriction map predicted from the inversion model. It was generated by joining the XFHG13 restriction endonuclease sites that lay downstream from the 5' part of gy 3 with those in AA28-16 upstream from the 3' part of gy 3 (see Figure 1) . Two probes were used to test the validity of the predicted map. One was the 2-kb Bglll fragment from pFG3H6 that contained the region immediately downstream from the 5' part of gy 3 (Bglll 2.0, Figure 1 ). The other probe was the complete insert contained in p16R1.1, and included the region immediately upstream from the 3' part of gy 3 (see Figure 1) . A mixed probe was used to identify both the 5'-coding region of the gene and the 5' junction DNA ( Figure 1B ) in Raiden and Forrest DNA digested with a mixture of Hindlll and Xhol. The mixed probe contained equal amounts of the 1.2-kb Hindlll/EcoRI and the 2.0-kb Bglll fragments from pFG3H6. The Forrest genome contained a single 5.7-kb Hindlll fragment with the junction, whereas Raiden DNA contained 4.6-kb Rj and 3.5-kb R G fragments. H; Hindlll, X; Xhol.
leaf DNA was digested with various restriction endonucleases. Of critical importance were the 10.7-kb Bglll, 7.5-kb Bglli/Kpnl, and 6.2-kb Bglll/Sstl fragments that span the chromosomal breakpoint. According to the inversion model, fragments of the same size should hybridize with each of the two probes. Figure 9 shows that restriction fragments of the size predicted by the inversion model hybridized to the probes when Raiden DNA was digested with the appropriate restriction enzymes. These corresponded to the prominent bands indicated by filled circles in the figure, although a number of other fragments were also observed that hybridized less strongly to the probes. The majority of these weakly hybridized bands were identical in size to fragments that would have originated from either the Gy, or Gy 3 glycinin genes. However, a few could not be accounted for in this manner and probably reflected to sequences in the genome that were similar but not identical to the DNA that bordered the gy 3 coding regions. Furthermore, as predicted by the model (Figure 8 ), a 0.9-kb EcoRI fragment was observed in Raiden DNA when the 1.1 EcoRI insert in p16R1.1 was used alone as probe (Figure 9 ). Likewise, 4.6-kb Hindlll and 2.9 kb Hindlll/EcoRV fragments hybridized when the 2.0-kb Bglll fragment from pFG3H6 was used as the probe (Figure 9 ). Taken together, these data suggested that a region in Raiden DNA existed that had characteristics similar to those predicted by the inversion model. Leaf DMAs purified from individual F 2 plants from Forrest x Raiden hybrids were cut with Hindlll and Xhol, and then the fragments were separated by electrophoresis in agarose. DNA gel blots were hybridized at 55°C to the mixed probe described in the legend to 
Raiden Junction DNA
To test the inversion model further, we sought to purify a genomic clone from Raiden in which the regions adjacent to the breakpoints in the two parts of Forrest gy 3 were contiguous. The region we focused on was the 0.9-kb EcoRI fragment that spanned the proposed chromosomal breakpoint shown in Figure 8 . To isolate this region, appropriately sized EcoRI fragments from Raiden genomic DNA were inserted into the arms of Agt11 (Huynh et al., 1985) , and the library was screened using the 0.8-kb EcoRI/Ncol fragment from p16R1.1 as probe (RN 0.8, Figure 1) . A genomic clone containing the 0.9-kb EcoRI fragment was isolated and inserted into the pGEM-4 Blue vector. Figure 10A summarizes this clone schematically, which was designated pG4B/RR0.9. When the DNA sequence of this genomic region was determined, we found that it contained both ends of the DNA that appeared to interrupt gy 3 . This can be seen by comparing the regions of gy 3 where homology with Gy 3 is lost in the sequences of AFHG13 and AA28-16 (Figure 2 ) with the sequence of the 0.9-kb EcoRI fragment shown in Figure 10B . As predicted by the simple inversion model, the two ends were contiguous in the fragment from Raiden and had the expected polarity with respect to each other. Interestingly, there .were an additional 11 base pairs at the putative
Forrest gy 3 Expression
To show whether mRNA from gy 3 was present during seed development, we carried out RNase protection experiments using 32 P-labeled Gy 3 antisense RNA (Melton et al., 1984) . This approach permitted mRNA derived from gy 3 or Gy 3 to be distinguished from Gy, and Gy? mRNAs. Fragments of the antisense probe protected by mRNA for either gy 3 or Gy 3 would be larger than those protected by the equivalent regions in Gy, and Gy ? .
As shown in Figure 11 A, clone pG4B/RSp480 was constructed to test for the presence of mRNA encoding the 3' ends of Gy 3 and gy 3 . The clone contained the 480-bp EcoRI-Sphl fragment from clone pG6H4.7 (RSp 0.48, Figure 1) , and included approximately 100 bp of noncoding DNA from the 3' end of intron-2 and 380 bp from the 5' end of exon-3 . The latter coding region was located immediately downstream from the 3' breakpoint in the gy 3 . Figure 11A shows that a 380-bp fragment of complementary RNA was protected from nuclease digestion when hybridized with poly(A) + mRNA isolated from Raiden controls. However, no signal was evident when the probe was digested after protection by mRNA isolated from midmaturation stage seeds of Forrest. The sensitivity of the assay was such that 5 to 10 copies per cell of mRNA complementary to the probe would have been detected. The result showed that mRNA for the 3' 3'
5' end 3' end of junction DNA two ends Contiguous
During intrachromosomal transposition three chromosomal breaks occur and the fragment transposed can be inserted in either orientation. In an inversion, two chromosomal breaks occur and the separated pieces become inverted with respect to one another. An important difference between these two models is that the two ends of the DMA adjacent to the chromosomal breakpoint proximate to the gene are contiguous prior to the inversion, whereas this is not the case for transposition. part of gy 3 did not accumulate in Forrest to the same extent that it did in the Raiden. This was expected because the 3'-coding region of gy 3 from the 5' end was separated from its natural promoter, and other potential promoters were not apparent in the approximately 1 kb of DNA immediately upstream from the 3'-coding region of gy 3 (Figure 2) . Clone pG3B/RH1.2 was used to determine whether mRNA from the 5' end of gy 3 was accumulated in the seed (Figure 11 B, top) . This clone contained the 1.2-kb Hindlll-EcoRI fragment from clone pG6H4.7 (i.e. RH 1.2, Figure 1 ). It included most of exon-1 from Gy 3 , as well as all of intron-1 and exon-2 . When the antisense probe was hybridized to mRNA from Raiden, a protected fragment about 250 bases in length was observed (Figure 11 B) . A fragment of this size was expected, and corresponded to exon-2 of Gy 3 . However, the fragment was not protected when the probe was hybridized with mRNA from the variety Forrest. Taken together, the protection experiments described above indicate that mRNA from gy 3 does not accumulate to detectable levels in the Forrest variety.
DISCUSSION
In this paper we demonstrate that the Forrest soybean variety contains a mutant allele of the gene for the G3 glycinin subunit. Normally this gene (Gy 3 ) occupies a single genetic locus and consists of adjoining coding regions that are interrupted three times by introns . By contrast, the mutant gene (gy 3 ) has become separated into two genetic loci in the Forrest The restriction map across the chromosomal break was reconstructed assuming the inversion model illustrated in Figure 7 . The vertical dotted line indicates the proposed chromosomal breakpoint. The portion of the reconstructed map that is 5' to the breakpoint represents 3' junction DMA located upstream from the 3' half of gy 3 ( Figure 1C ). The part of the reconstructed map 3' to the breakpoint represents 5' junction DNA located downstream from the 5' half of gy 3 ( Figure 1B ). The open and closed boxes immediately below the reconstructed map represent probes used to identify DNA fragments that spanned the proposed chromosomal breakpoint. The closed box indicates the position of 3' junction DNA contained in the 1.1-kb EcoRI insert of p16R1.1 ( Figure 1C ) that was used as a probe. It hybridized to a 0.9-kb EcoRI fragment in Raiden DNA (Figure 9 ) as is predicted to span the chromosomal breakpoint in the reconstructed map. The open box shows the position of 5' junction DNA contained in the 2.0-kb Bglll fragment from pFG3H6 ( Figure 1B ) that was used as a probe. It hybridized to 4.6-kb Hindlll and 2.9-kb Hindlll/EcoRV restriction fragments in Raiden (Figure 9 ), as are predicted to span the chromosomal breakpoint in the reconstructed map. Also shown are the location of 6.2-kb Bgll/Sstl, 7.5-kb Bglll/Kpnl, and 10.7-kb Bglll fragments predicted to span the proposed chromosomal break. Fragments from Raiden DNA of these predicted sizes hybridized with each of the two probes ( Figure 9 ). B, Bglll; H, Hindlll; K, Kpnl; R, EcoRI; Rv, EcoRV; and S, Sstl.
genome. The functional significance of this structural rearrangement is that the G3 glycinin subunit cannot accumulate in seeds of plants bearing the mutation. That conclusion relies on the results of RNase protection experiments ( Figure 11 ). Those experiments show that mRNAs from the 5' and 3' parts of the gene do not accumulate in the seed, and imply that the Forrest contains a null allele for the G3 subunit. That mRNAs from the 3' part of the gene do not accumulate is not surprising because that part of the gene has become separated from its promoter. However, the coding and upstream regulatory regions for the 5' half of gy 3 apparently remain intact since the restriction ehdonuclease map upstream from the coding region (A) Hybridization of Forrest (F) and Raiden (R) DNA to the 2.0-kb Bglll fragments from the pFG3H6. The restriction endonucleases used were: lanes 1, EcoRI; lanes 2, Hindlll; lanes 3, Bglll; lanes 4, Bglll/Kpnl; lanes 5, Bglll/Sstl; and lanes 6, EcoRV/Hindlll. Hybridization was performed at 55°C. The size of the prominently hybridized bands marked by the filled circles are consistent with those predicted from the model presented in Figure 8 . The bands that hybridized less intensely to the probe correspond to coding regions in the Group-l glycinin genes, which are homologous to the gy 3 coding region in the probe .
(B) Hybridization of Forrest and Raiden DNA to the 1.1-kb EcoRI insert in p16R1.1. The restriction endonucleases were the same as indicated for (A). The bands that hybridized to the probe prominently (marked by filled circles) were as predicted from the model presented in Figure 8 , whereas the bands that hybridized less intensely were due to coding regions for other Group-l glycinin genes in the mutant allele is identical with the one for the functional gene (Figures 8 and 9 ). Although our data show that mRNA for the 5' part of gY3 do not accumulate in the seed, they do not address the molecular basis for this phenomenon. The simplest model that accounts for both the molecular and genetic characteristics of the aberrant locus is an inversion (Figure 7) . This model accounts for the polarity of the DNA sequences at the junctions of the chromosomal breakpoints. Because inversions suppress recombination in F1 heterozygotes, the model also accounts for our inability to locate genetic recombinants in the F2 progeny of crosses between Raiden and Forrest. If, on the other hand, an inversion was not responsible for gY3, examination of the 166 F2 progeny should have resulted in identification of recombinants, provided that the two ends of gY3 were separated from one another by 2 map units or more (95% statistical confidence level):
Several other more complex models based on certain kinds of reciprocal translocations are also consistent with our data. For example, a reciprocal translocation between end segments of nonhomologous chromosomes can give rise to junction DNA sequences that are identical to those produced by an inversion. In these cases genetic analysis of F2 progeny from a translocation heterozygote can indicate linkage between all markers located near the breakpoint, including marker pairs from the nonhomologous chromosomes (Burnham, 1962) . It is therefore possible that the two halves of gy3 in Forrest reside on nonhomoIogous chromosomes, but appear to be "linked" genetically because they occur at the junction point of a large reciprocal translocation. The same kinds of arguments can be applied to reciprocal translocations involving internal segments, both between and within chromosomes. These latter models require at least four breakpoints and are therefore less likely.
Two chromosomal breakpoints associated with the gy~ allele are described by our data. One occurs in the second intron of the gene and is precise (Figure 2) . The DNA sequences located on either side of the breakpoint in Gy~ are present at the 5' and 3' junctions of the gene in the gY3 allele, respectively. The second chromosomal break occurs outside of the glycinin gene, and is imprecise. When compared with the homologous region of the chromosome in Raiden, 11 bp were shown to be absent in the reconstructed breakpoint generated from the appropriate sequences at the 5' and 3' junctions of gY3 ( Figure 10B ). Because the DNA sequence 500 bp beyond these 11 bp are identical in both Raiden and Forrest, we speculate that they have been lost during the chromosomal rearrangement.
The missing 11 bp are intriguing because they offer a clue as to the origin of the gY3 allele in Forrest. The appearance of large chromosomal inversions and deletions has been associated with the movement of transposable elements in plants (Coen et al., 1986; Nevers et al., 1986; Martin et al., 1989) . In this regard, one characteristic feature of the plant transposable elements is that their excision is seldom precise (Sachs et al., 1983; Saedler and Nevers, 1985) . Small deletions or insertions are generally observed, and are considered to arise as a consequence of exonuclease or polymerase activity at strand terminii during religation of the chromosomal DNA after excision. It is therefore conceivable that the 11 -bp deletion could have arisen during an abortive attempt of an element to transpose into the Gy 3 locus, and the broken chromosomal fragment became inverted during the religation process.
Active transposable elements have not been described in soybeans. However, a highly mutable allele (Y^B m ) has been reported that could reflect the activity of such an element (Peterson and Weber, 1969; Sheridan and Palmer, 1977) . A defective seed lectin gene has also been described (Goldberg et al., 1983; Vodkin et al., 1983 ). This allele is considered to have arisen by the transposition of a fragment with imperfect terminal inverted repeats into the normal gene, and may also be the consequence of an undefined mobile element. The gy 3 allele we have described is a third example of the potential activity of such an element. However, this conjecture is unlikely to be proven since the original parental genome has been lost. Nevertheless, the gy 3 allele provides another interesting molecular view about functional consequence of a chromosomal rearrangement in a plant genome.
METHODS
Plant Material
Crosses between the Forrest and Raiden cultivars of soybean (Glycine max) were performed, and F 2 seeds were obtained after selfing the resulting F, plants. Leaves were harvested from individual F 2 plants, immediately frozen in liquid nitrogen, and stored at -80°C until used. Leaf DNA was prepared from the leaves as described by Dellaporta et al. (1983) , except that the cetyltrimethylammonium bromide precipitation step was omitted and the leaf DNA was further purified by CsCI density gradient centrifugation.
Construction and Screening of Genomic Libraries
The genomic clones used in this study were obtained from four different geonomic libraries. Clone XA28-16 has been described earlier (Fischer and Goldberg, 1982) , and originated from a partial EcoRI library of genomic DNA from the variety Forrest. Clone XDA28-6 came from the Alul-Haelll linker library of DNA from the variety Dare (K.D. Jofuku and R.B. Goldberg, unpublished results). The third library was made to obtain the 5' end of the gy 3 allele. It was constructed by inserting size-selected Hindlll fragments (9 kb to 20 kb) from partially digested Forrest DNA into Charon 35 (Loenon and Blattner, 1983) . The library consisted of approximately 5.0 x 10 5 plaque-forming units. The fourth genomic library was constructed to obtain the junction DNA involved in the chromosomal rearrangement. For this purpose, leaf DNA from the variety Raiden was digested with EcoRI and size-fractionated in 0.7% agarose. DNA fragments of 0.7 kb to 1.1 kb were inserted into the arms of vector Agt11 (Young and Davis, 1983; Huyhn et al., 1985) . The library consisted of about 2.5 x 10 5 plaque-forming units, more than 90% of which were recombinants.
Genomic DNA Gel
Leaf DNA was digested with an appropriate restriction endonuclease using conditions specified by the manufacturer. Three to five micrograms of digested DNA were fractionated on 0.6% agarose gels and transferred to nylon membrane filters as described in New England Nuclear catalog NEF-976, and hybridized (0.83 M Na +, 50% formamide, 55°C). Following hybridization, the filters were washed at 65°C in 0.1 x SSC, 0.1% SDS. Then the filters were exposed using an intensifier screen for either 2 days or 3 days prior to development of the film.
DNA Sequencing
The procedures of both Maxam and Gilbert (1980) and Sanger et al. (1977) were used for DNA sequence analysis. DNA fragments were end-labeled using 32P-labeled deoxynucleotide triphosphates (3000 Ci/mmol) when sequences were determined using the Maxam and Gilbert method. When the Sanger technique was used, the DNA fragments were subcloned into either M13 or pGEM Blue vectors and then the sequences were determined using the dideoxy chain termination method.
Protection Experiments Using Antisense Gy3 Probes
Poly(A) + RNA was isolated from polysomes of midmaturation stage embryos of Raiden and Forrest as described by Tumer et al. (1981) . The 480-bp EcoRI/Sphl fragment of the Gy3 genomic clone pG6H4.7 (Figure 1 A) was introduced into pGEM-4 Blue and designated pG4B/RSp480. The 1.2-kb EcoRI/Hindlll fragment of the pG6H4.7 ( Figure 1A ) was inserted into pGEM-3 Blue and the resulting construction was named pG3B/RH1.2. The plasmids were linearized and used to synthesize 3=P-GTP-labeled glycinin antisense RNA probes by the method of Melton et al. (1984) . The 32P-labeled antisense RNA was hybridized to the poly(A) ÷ RNA overnight at 45°C. The RNA/RNA hybrids were treated with RNase A and RNase T1 at 30°C and the protected fragments were analyzed by electrophoresis on a 6% poiyacrylamide sequencing gel.
